Ports and jetties complex operations come with various forms of pollutions. The analysis of marine pollution from ports becomes very necessary and complicated due to the various types of pollution, sources, effects and different characteristics. The sources of environmental pollution other than ships and from industrial activities in port and jetties were critically looked at and analyzed. A complete review of the environmental pollution in ports and the tools to assess and minimize such negative environmental impact are analyzed. The instrument of questionnaires was employed and distributed among two seaports and one jetty; Onne, Okrika and Port Harcourt to collect respondents' opinions on effects, sources and causes of marine pollution. The chi-square test for independence was used with 180 respondents from Onne port, Port Harcourt port and Okrika jetty. Water sample was collected from Onne seaport and pollution contents such as total petroleum hydrocarbon (TPH), bio-chemical oxygen demand (BOD), turbidity, pH and salinity were tested in the laboratory. The result shows that Onne water had a salinity level of 20,790 (mg/l) which under the salinity range of water is considered saline, a turbidity level of 4.00 (NTU) which was considered average comparing with a 5.00 (NTU) bench mark, BOD5 level of 0.48 (mg/l) which was considered pristine because most pristine seawater will have BOD below 1 (mg/l), pH level of 7.77 which falls under the range of sea water being alkaline (7.2 -8.4), TPH level of 2.98 (mg/l) since all conditions of sampling and sample preservations were observed and the value is less than the DPR limit (10 mg/l). It was concluded that the activities in Onne port are within the acceptable limits. It was also observed from the questionnaire that a larger population of respondents in Onne, Okrika and Port Harcourt ports where conscious of the sources and effects of environmental pollution from their respective ports.
Introduction
Ports are characterized by several complex operations, when compared with other logistic nodes. Environmental pollution analysis from ports and Jetties are complicated due to the various types of pollution, sources and their different characteristics. Pollution from port areas comes not only from ferries, ships and trade but also from industrial and shipyard activities as well as auxiliary services.
Port pollution can produce negative effects both to the natural eco-system and to the urban population [1] [2] . The 7 th goal of the Millennium Development is to ensure clean environmental sustainability. The pursuit of environmental sustainability is an essential part of human well-being [3] . However, environmental pollution from ports and jetties is inevitable phenomenon so long as port operations exist. Owing to the alarming rate at which toxic and hazardous wastes are being generated, the Federal Environmental Protection Decree (FEPD) was promulgated in 1988 which later led to the birth of Federal Environmental Protection Agency (FEPA) which developed a national policy on Environment. In 1999, a full-fledged ministry was formed to deal with environmental issues [4] .
Marine operations in ports have to a large extent caused environmental pollution which affects the normal living conditions of both human and aquatic life.
The sources of environmental pollution from ports can be from tanker accidents, noise pollution, marine machinery exhaust, wastewater discharge from ships, ballast water discharge from ships at ports, oily water discharge from ships, garbage and other solid waste, anti-fouling paints and so on [5] [34] .
In ports, jetties and harbors, cargo handling operations could cause accidental discharges and emissions. Handling of dry bulk produces dust and liquid bulks may cause leaks, spillages and atmospheric pollution can come from cargo vapour emissions [6] . Any release of cargoes or wastes into the marine environment has direct effect on the environment, which may result in oxygen depletion on their breakdown. Most pollution from ports are caused by human error or negligence either directly or indirectly through the introduction of substances or energy into the marine environment including estuaries, waste-water generated by cleaning of port docks, cleaning of ships and leakages of liquid from goods.
All these causes harm to living resources, hit on marine life, decline in seafood production, hazard to human health (skin and lungs diseases to port workers), hindrance to marine activities including fishing, impairment of quality for use of sea-water and reduction of amenities [7] .
This work will examine the effects of environmental pollution from seaports and jetty at Onne, Okrika and Port Harcourt with a view to analyze the pollution content, protect and maintain the quality of the environment in the ports and jetties in Rivers State of Nigeria. The work will also proffer solutions to environmental pollution from marine activities in ports and jetties in Rivers State.
The International Maritime Organization (IMO) in 2014 estimated that CO 2 from shipping were equal to 2.2% of the global human-made emissions in 2012
and is expected to rise as much as 2 to 3 times by 2050 if no conscious effort is 
Sources of Marine Pollution
The various sources of marine pollution from ports and jetties are enormous; which ranges from tanker accidents, noise, marine machinery exhaust, wastewater discharge from ships, ballast water discharge from ports and jetties, oily water discharge from ships, garbage and other solid waste to anti-fouling paints and many more as shown in Figure 1 . Ballast water discharge from ships has negative impact on the marine environment, especially bigger vessels like cruise ships, large tankers and heavy bulk cargo carriers that handles large amount of ballast water. Discharged ballast water contains a variety of biological materials, which may include plants, animals, viruses, and bacteria etc. These materials like non-native, nuisance, invasive, exotic species that can cause extensive ecological and economic damage to aquatic ecosystems along with serious human health problems must be checked. Noise is another form of pollution that has increased because of large shipping activities and other human enterprises in recent times. The noise produced by ships can travel long distances. Marine species that may rely on sound for their orientation, communication and feeding, can be harmed by this sound pollution [11] [12] .
Other sources of marine pollution could come from industries sited close to the marine environment as shown in Figure 2 . Around the ports and jetties in Rivers State we can find industries like the Refinery, Fertilizer Company, shipyards, multinational oil and gas companies, chemical industries etc with their attendant pollution problem such as harmful chemicals, plastics, toxins, shipyard waste and other industrial waste are discharged into the marine environment, thereby becoming another major source of marine pollution [13] . Exhaust Figure 1 . Classification of ship and cargo generated waste discharged in and out of the port environment. Source: adapted from [10] . Figure 2 . Classification of Industry generated waste discharged in and out of the port environment. Source: adapted from [10] .
gases from ships are considered to be a significant source of air pollution, both for conventional pollutants and greenhouse gases. There is a perception that cargo transported by ship is low in air pollutants because for equal weight and distance, it is the most efficient transport method. This is particularly true in comparison to air freight; however, because sea shipment accounts for far more annual tonnage and the distances are often large, shipping emissions are globally substantial [14] [35] .
The emission of gases like sulfur dioxide, nitrogen oxide, carbon monoxide, carbon dioxide, and other hydrocarbons generated by diesel engines of ships burning high sulfur content fuel oil into the air is another source of marine pollution. Diesel exhaust has been classified by Environmental Protection Agency (EPA) as carcinogenic. EPA recognizes that these emissions from marine diesel engines contribute to the depletion of the ozone layer, climate change and as well has adverse health effects associated with ambient concentrations of particulate matter and visibility, haze, acid deposition, Eutrophication and nitrification of water. EPA estimates that large marine diesel engines accounted for about 1.6 percent of mobile source nitrogen oxide emissions and 2.8 percent of mobile source particulate emissions in the United States in 2000 [14] . The total global emission of NO X and SO X shipping contributes more than 20 percent and 10 percent respectively. Acid rain from sulphur destroys crops, buildings and causes heart attack. The European Environmental coalition through Irene Blooming said "A ship lets out around 50 times more sulfur than a lorry per metric tons of cargo carried." Cities in the U.S having heaviest shipping traffic have left local officials desperately trying to clean up the air [15] [16] .
Another pollution associated with ports, jetties and ships is oil spills and its attendant challenges. Over ten percent of all climate change emissions are caused by shipping and ports activities. One source of environmental stresses on maritime vessels recently has come from states and localities, as they assess the contribution of commercial marine vessels to regional air quality problems when ships are docked at port. When MARPOL (Annex VI) came into full manifestation in 2015 it has the mandate to combat these problems. As such cruise ships now employ CCTV monitoring on the smokestacks as well as recorded measuring Industrial and other waste Open Journal of Marine Science via opacity meter while some are also using clean burning gas turbines for electrical loads and propulsion in sensitive areas [17] . The Marine Pollution Treaty were established by international bodies to regulate marine pollution from ships "In general, these treaties tend to emphasize the technical features of safety and pollution control measures without going to the root causes of sub-standard shipping, the absence of incentives for compliance and the lack of enforceability of measures have endangered the safety of the environment" [18] .
The impact of shipping activates and port operations with special reference to sewage in 2013 brought MARPOL ANNEX IV into force to restrict untreated waste discharge into the marine environment. To check this, most modern cruise ships are installed with a membrane bioreactor treatment plant to convert all black-water and grey-water to near drinkable quality, to be re-used in the machinery spaces as technical water. Non-oil pollutants and other solid waste from ships are normally dumped into the sea or river when there is no enforcement which must be discouraged. Solid waste generated from ports, jetties and ships like glass, paper, cardboard, aluminum, steel cans, plastics etc that enters the marine environment may pose a threat to marine organisms, humans, coastal communities and industries that utilize marine waters [19] [20] . Another silent pollution source to the marine environment is the use of anti-fouling paint by ports, jetties and ships which can serve as poison when introduced into the environment, impact on marine wildlife and even affect the food chain. This must be checked by regulatory bodies to avoid environmental deserter and decay [21] .
Effect and Impact of Marine Pollution

Effect of Marine Pollution
The effects of marine pollution from ships, ports and jetties are enamors and varies with their causes. Deplete of oxygen content of the water is another serious effect of marine pollution which endangers the life of water animals and hu-
mans. An excess of oxygen depleting chemicals in the water can lead to hypoxia (inadequate supply of oxygen) and the creation of a dead zone. Also storm water runoff that travels across paved surfaces can accumulate deposits of air pollution, automotive fluids and sediments. In fact vessel storm water runoff from Marine Ports is a source of impairment in Nigeria coastal waters and its estuaries This can result to an increase in the ecosystem's primary productivity, cause lack of oxygen and severe reductions in water quality, fish, and other animal populations. Excess nutrients stimulate algal growth and these marine toxins can be transferred to land animals because many animal feeds have a high fish meal or fish hydrolysate content and appear later in meat and dairy products, which becomes hazard to human life when consumed [5] 
Impact of Pollution on Marine Bio-System
Oil spills from ports, jetties and ships or introduction of chemicals into the marine environment poses serious danger to fresh water and marine environments, which in turn affects surface resources and a wide range of subsurface organisms that are linked in a complex food chain that includes human food resources.
These introduced chemicals affect the marine environment in several ways;
physical damages that directly impact wildlife and their habitats and the toxicity of the oil which can poison exposed organisms. Oil contaminates the feathers of seabirds and the fur of seals which destroys the insulating and water proofing properties of the feathers. As the bird tries to maintain its body temperature, it will exhaust its fat reserves and become weakened. Also, oil transferred to the surface of its eggs during incubation reduces their hatchability. Oil pollution also results in disruptions to the cycle of coral reefs, clogging of the gills of fishes thereby resulting in their death and hampering the process of photosynthesis of marine plants leading to their end [24] .
Impact of Pollution on Local Industries
One industry that is worst hit by the pollution of the marine environment is the fishing industry. The oil spills from the ports, ships and jetties covers the fishes and as they swallow these poisonous water some die others become weak and endanger the life of anything that will consume them. The economic impact of this pollution is far-reaching since it affects the population of seafood. The local economies of coastal towns that depend on these industries can be devastated by a large scale disaster [25] [26] . Another industry that can be affected and suffer because of marine pollution is the Tourism industry. I remember the Holicruise tourist resort at Isaka Town between Port Harcourt port and Okrika jetty was close and one of the reasons for the closure is environmental pollution amongst others. If spilled oil reaches the shore, it contaminates the inter-tidal zone and the beaches. The local tourist industry suffers as aesthetic beauty of sea shore is lost due to oil slick. Industries that rely on clean seawater for routine operations can also suffer because operations have to be stopped while the water is cleaned.
This in turn affects the economy of the community [27] [28].
Impact of Marine Pollution on Public Health
Marine pollution poses a great health challenge to humans because of the importance of the marine environment to the well being of man. Anything that affects the environment will certainly affect him. Oil spill or chemical that are airborne toxins will cause headaches, nausea and long-term problems like cancer. 
Monitoring, Control and Preventive Measures of Marine Pollution
For the Marine environment not to be a dumping ground for waste oil and chemicals, National and International regulations, guidelines and codes were established for the control and prevention of marine environmental pollution.
IMO is one of such organizations.
International Maritime Organization (IMO)
The IMO is responsible for the prevention and control of pollution of the sea 
Research Study Area of Marine Pollution Analysis.
Onne port in Rivers State is located on Latitude/Longitude: 4.6845˚/7.1575˚, it is also considered as one of the major seaports in Nigeria as shown in Figure 3 [31].
Onne port is the home to many industries and has the highest traffic of vessels into ports in Rivers State. Figure 4 shows the arrival and departure of vessels for one month while Figure 5 and Figure 6 show the arrival of vessels by type at the sea port for 30 days. The main activities at Onne port include export and import of facilities for oil companies, these activities provides significant economic source to its residents. The influx of vessels into Onne port and the traffic of maritime activities have informed the choice of this port for this marine pollution analysis.
Research Materials and Methods
Research Design and Hypothesis
The research covers the design of hypothesis, population and samplings, sampling technique, data collection and data analysis. Abdullah and Levine said research design addresses fundamental question that brings the study into the scope of the research and how yield the required data [33] . The survey method Open Journal of Marine Science was adopted in this research which requires the use of questionnaires, observation, sampling and interview to collect relevant information for the study. The chi-square test for independence was used in the analysis while charts, tables and percentages are used to complement the analysis. The hypothesis is formulated as follows:
• No awareness of the existence of IMO.
• Untreated wastewater discharge from ship does not cause pollution of the marine environment.
• Marine pollution does not affect fishing activities.
• Ship sewage treatment does not help to control the amount of bacteria discharged into water bodies.
• Failure to comply with IMO regulations have not contributed to pollution of Nigerian waterways.
• Oil spill is not the most common source of marine pollution.
• Marine pollution does not affect the immune and endocrine systems of humans [36] [37].
Research Sample Size
Since it is impracticable to study the whole subject of population, the method of sampling is employed in a study. It is believed that good sampling will enable the researcher to generalize his/her feelings to the wider population. Water sample was collected from Onne seaport and the pollution content was tested in the laboratory. The purposive-non-probability sampling methods were used, research questions were formulated and 180 respondents picked at random from Onne Port, Port Harcourt port and Okrika jetty with 60 respondents per port. The pollution content in water sample considered includes Total petroleum hydrocarbon (TPH), Biochemical oxygen demand (BOD), Turbidity, Salinity and pH.
Research Equations for Analysis
Using sample data we find the degrees of freedom, expected frequencies, test statistic, and the P-value associated with the test statistic.  Degrees of freedom.
( ) ( )  P-value. The P-value is the probability of observing a sample statistic as extreme as the test statistic. Since the test statistic is a chi-square, the Chi-Square Distribution Calculator is used to assess the probability associated with the test statistic. Use the degrees of freedom computed above [33] . The decision rule in the use of chi-square is that if the sample findings are unlikely, given the null hypothesis, then reject the null hypothesis. These involve comparing the P-value to the significance level, reject the null hypothesis when the P-value is less than the significance level.
Research Analysis from the Hypotheses 1) No awareness of the existence of IMO:
The research question shows that there is awareness of the existence of IMO in Nigeria ports. Table 1 shows the response from the respondent for Hypotheses I to VII ( ) ( ) 
2) Untreated wastewater discharge from ship does not cause pollution of the marine environment. The research question shows that marine environmental pollution can be caused by untreated wastewater discharge from ships.
( ) ( ) 
3) Marine pollution does not affect fishing activities. The research question shows that fishing activity can affect the pollution of the marine environment.
( ) ( ) ( ) ( )
2,1 2,2 2,3 34 60 11.33 180 
6) Marine pollution does not affect the immune and endocrine systems of humans. The research question shows that the human immune and endocrine system can be affect by marine pollution.
7) Oil spill is not the most common source of marine pollution. The research question shows that oil spill is the most common source of marine pollution.
( ) ( )
128 60 42.66 180
52 60 17.33 180 Table 2 and Table 3 show the comparison of the observed and expected and the Social-Economic information of staff of Onne, Okrika and Port Harcourt Figure 7 , the category with the largest difference between observed and expected value makes the largest contribution to the overall chi-square statistic. In this case, the largest contribution comes from Port Harcourt port. At significance level of 5% that is 0.05, using chi-square probability calculator-formula. Inputting values of 2 9.15 c X = and DF = 2, P-value = 0.0103. Since the P-value is less than the level of significance (0.0103 < 0.05), we reject the null hypothesis. Hence, we conclude that there is awareness of the existence of IMO. Similarly Figure 8 shows that the largest contribution comes from Onne port. At significance level of 5% that is 0.05, using chi-square probability calculator-formula. Inputting values of and DF = 2, P-value = 0.0138. Since the P-value is less than the level of significance (0.0138 < 0.05), we reject the null hypothesis. Hence, we conclude that untreated wastewater discharge from ship causes pollution of the marine environment.
Results and Discussion
Similarly Figure 9 shows the largest contribution comes from Okrika jetty. At significance level of 5% that is 0.05, using chi-square probability calculatorformula. Inputting values of from Port Harcourt port. At significance level of 5% that is 0.05, using chisquare probability calculator-formula. Inputting values of 
7.453
c X = and DF = 2, P-value = 0.0240. Since the P-value is less than the level of significance (0.0240 < 0.05), we reject the null hypothesis. Thus, we conclude that ship sewage treatment help to control the amount of bacteria discharged into water bodies. Figure 11 shows that the largest contribution comes from Okrika jetty. At significance level of 5% that is 0.05, using chi-square probability calculator-formula. Inputting values of Since the P-value is less than the level of significance (0.0031 < 0.05), we reject the null hypothesis. Thus, we conclude that failure to comply with IMO regulations have contributed to pollution of Nigeria waterways. Similarly from Figure   12 , the largest contribution comes from Okrika jetty. At significance level of 5% that is 0.05, using chi-square probability calculator-formula. Inputting values of and DF = 2, P-value = 0.0183. Since the P-value is less than the level of significance (0.0183 < 0.05), we reject the null hypothesis. Thus, we conclude that oil spill is the most common source of marine pollution.
SALINITY AND pH
The salinity and pH of the water sample from the Onne port were analyzed with HANNA MULTIPARAMETER EQUIPMENT. This involves standardizing the equipment with solutions that were bought with the equipment, cleaning the probes very well with distilled water after standardizing, dipping the probe in the sample collected in a beaker and taking the necessary reading as displayed on the screen. Table 4 shows the result of the analysis.
SALINITY: Salinity is a measure of how much dissolved salts are in the water.
Dissolved salts are usually sodium and chloride ions, although there can also be many others such as potassium and bicarbonate ions. Salinity can vary during the year due to rain diluting the salt in the water. Therefore, high salinity is usually recorded in the summer and low salinity in the winter. As a general rule, salinity is relatively low during periods of high flow and vice-versa. Table 5 shows the salinity ranges from fresh to hyper-saline.
From the table, it is seen that the test result falls within 5000 to 35,000 (mg/L).
It is concluded that Onne water is salty and safe. (mg/l). Since all conditions of sampling and sample preservations were observed and the value is less than the DPR limit (10mg/l), it then means that the activities in Onne port is adhering to standard and the environment is not being polluted.
Conclusion
In conclusion, it is a fact that marine pollution will severely affect the coastal resources of a city, state and the nation, so it should be avoided. This can be done by obeying the rules and regulations setup by national and international organization concerned with the environment especially the maritime environment. It 
